There is still controversy as to whether minimally invasive total hip arthroplasty enhances the postoperative outcome. The aim of this study was to compare the outcome of patients who underwent total hip replacement through an anterolateral minimally invasive (MIS) or a conventional lateral approach (CON). We performed a randomized, prospective study of 75 patients with primary hip arthritis, who underwent hip replacement through the MIS (n=36) or CON (n=39) approach. The Western Ontario and McMaster Universities Osteoarthritis Index and Harris Hip score (HHS) were evaluated at frequent intervals during the early postoperative follow-up period and then after 3.5 years. Pain sensations were recorded. Serological and radiological analyses were performed. In the MIS group the patients had smaller skin incisions and there was a significantly lower rate of patients with a positive Trendelenburg sign after six weeks postoperatively. After six weeks the HHS was 6.85 points higher in the MIS group (P=0.045). But calculating the mean difference between the baseline and the six weeks HHS we evaluated no significant differences. Blood loss was greater and the duration of surgery was longer in the MIS group. The other parameters, especially after the twelfth week, did not differ significantly. Radiographs showed the inclination of the acetabular component to be significantly higher in the MIS group, but on average it was within the same permitted tolerance range as in the CON group. Both approaches are adequate for hip replacement. Given the data, there appears to be no significant long term advantage to the MIS approach, as described in this study.
Introduction
Minimally invasive total hip arthroplasty is claimed to be superior to the standard technique because it reduces operative, respectively soft tissue trauma. There is still controversy, however, as to whether minimally invasive total hip arthroplasty enhances the postoperative outcome. The benefits most often described in connection with minimally invasive hip surgery (MIS) are reduced perioperative pain and less blood loss and recovery time combined with shorter skin incisions. [1] [2] [3] On the other hand, other groups report a higher complication rate and worse cosmetic results. 4, 5 In the light of current scientific knowledge it is not possible to decide if MIS is superior to the well established approaches. 3 In 2004 Bertin and Röttinger described an anterolateral minimally invasive approach which comes close to the conventional WatsonJones approach. 1, 6 In a prospective one-year follow-up study Martin et al. found that the anterolateral minimally invasive approach had no significant advantages in comparison to a conventional Hardinge approach, with the exception of reduced blood loss. 7 Two further studies on the anterolateral minimally invasive approach with a short follow-up and small patient groups revealed better early functional hip scores. 8, 9 The aim of this prospective randomized study was to conduct a comprehensive comparison, based on a 3.5-year follow-up, of patients who underwent total hip replacement either by the anterolateral minimally invasive approach by Bertin or by a conventional lateral approach. We were particularly interested in differences with respect to the operative load of the patients and the postoperative rehabilitation. In the course of the investigation, various periand postoperative data were analyzed for detailed evaluation of the follow-up results achieved by the two approaches. This is of even greater interest, as some authors observed advantages of the MIS approach only in the early postoperative follow-up period. 8, 10 
Materials and Methods

Patients
Approval was obtained from the local Ethics Committee (application number 06-3079). 250 consecutive patients who underwent total hip arthroplasty at the Department of Orthopaedics at the University of DuisburgEssen between September 2006 and May 2008 were evaluated for inclusion in this study. Only patients aged between 65 and 75 years with unilateral osteoarthritis and an ASA (American Society of Anaesthesiologists) grade less than or equal to 3 were included. Exclusion criteria included a body-mass index (BMI) of over 30 kg/m², secondary arthritis, replacement and osteoarthritis of other joints of the lower limbs, if patients had a special request for one of the two approaches and serious medical co-morbidities such as cancer. 76 met the inclusion criteria and agreed to participate in the study. Using computer-generated cards, patients were randomly allocated to either Bertin's MIS anterolateral approach (MIS-group; n=36) or conventional lateral approach (CON-group; n=40). The observers were blinded and were not involved in the surgery. The medical history of all patients was documented, including age, gender and associated risk factors. Furthermore, the BMI and ASA grade were determined (Table 1) .
Surgical techniques and evaluation of intraoperative data
All surgeries were performed by three experienced hip surgeons. A digitalized planning tool (mediCad ® , HECTEC™ GmbH, Landshut, Germany) was used for preoperative planning. All patients underwent general anaesthesia and received a single-shot antibiotic prophy-
[Orthopedic Reviews 2013; 5:e19] laxis (Cefazolin 2 g) before incision. The patients in the MIS group were positioned on the operating table in the lateral position and the surgical procedure was performed as described by Bertin and Röttinger. 1 In the conventional approach group the patients were placed in the supine position and a modified Bauer respectively Hardinge approach was performed according to Thomine. 11 All patients received a pressfit acetabular component. As Switzerland) for all patients. We evaluated the blood volume returned to the patient after preparation both during surgery and for a further six hours after surgery by the Cell Saver ® and, as appropriate, any administered allogenic blood products. Further data collected intraoperatively included the surgical procedure, the surgeon, the duration of the operation, the length of the incision, the prosthesis components implanted and their size, and any complications during surgery.
Postoperative treatment and follow-up
Appropriate prophylaxis for thromboembolism (enoxaparine) was administered for six weeks. Sensation of pain was recorded according to visual analogue scale ranging from 0-10 (0 = no pain and 10 = worst pain imaginable), before taking analgesics in the morning. Every patient received ibuprofen 600 mg three times daily for 14 days. The daily equianalgetic dose of the analgesics administered in addition to ibuprofen was calculated according to the pain-relieving efficacy equivalent to 10 mg of morphine. 12 Standardized physical therapy was commenced on the first postoperative day. Patients were mobilized with two crutches and full weight-bearing was allowed, depending on the individual level of pain.
The recorded laboratory parameters included the haemoglobin level (Hb), hematocrit, the CK-NAC and C-reactive protein (CRP). The haemoglobin level was determined preoperatively, then 2, 4 and 6 hours after surgery and on the 1st, 2nd, 5th and 10th post-operative days. All other laboratory values were verified preoperatively, 6 
Radiographs
We used preoperative and 12-day postoperative digitalized radiographs with an anteroposterior view of the pelvis centered over the pubic symphysis and ensured proper positioning of the pelvis. 13 For the templating and measurements we used a digital image analysis system (mediCad II, HecTec GmbH, Niederviehbach, Germany). The limb length was then evaluated by measuring the perpendicular distance (mm) between the teardrop and the lesser trochanter ( Figure 1 ). The position of the inserted total hip replacement was determined: Widmer's and McLaren s methods were used to evaluate the cup inclination respectively anteversion ( Figure 1 ). 14, 15 To determine the precision of stem positioning we measured the angle between the axis of the bony femoral shaft and the implanted stem ( Figure 1 ). The quality of the cement mantle was assessed by the method described by Mulroy et al. respectively Barrack et al. 16, 17 
Statistical analysis
Summary statistics of the data were expressed as mean ± SD. The confirmatory Satterthwaite t-test for two independent samples was used, for evaluation of the primary endpoint, the change of the postoperative HHS in comparison to preoperative HHS. The confirmatory dichotomous Trendelenburg sign was evaluated with Fischer's exact test between the two groups. In addition, the U-test (Wilcoxon-Mann-Whitney test) was applied for comparison of the secondary endpoints, depending on the type of scale. For large groups, the P-values according to BonferroniHolm were adjusted to keep the proportion of false-positive test results low. The exact ChiSquare-Test and the exact Cochrane-ArmitageTest were used for statistical evaluation of the cement mantle quality. Comparisons with Pvalues <0.05 were considered to be significant. The software SAS 9.2 TS1M0, (SAS Institute Inc., 100 SAS Campus Drive, Cary, NC 27513-2414, USA) was used to carry out the statistical computations.
Results
Patient demographics
The evaluated demographics were homogeneous in both groups ( Table 1 ). The patients were in good general condition, but slightly overweight. One patient of the CON-group was excluded from the study after randomization, because of an unexpected preoperative serious illness and postponement of surgery. The other patients were available for evaluation of the cumulative dose and type of analgesic medications, pain sensation and intraoperative and early post-operative serological and radiographic data. The intraoperative and early post-operative complication rate refers to these patients. Five patients died during the first 3.5 years after surgery. The causes of death were not related to the hip replacement procedure. Ten further patients were not available for all clinical follow-up examinations. Overall, we obtained a complete set of clinical follow-up data for 60 patients. The demographics for these 60 patients were also homogeneous (Table 1) .
Article
Intraoperative results
Comparison of surgical data revealed that the MIS group had significantly shorter incisions (10 
Clinical outcome and follow-up
Postoperatively, we observed one non-surgery-related and two surgery-related complications in each group (MIS: 5.56% respectively 2.77% vs. CON 5.13% respectively 2.56%). Two patients in the MIS group and one patient in the CON group had prolonged wound-healing. The second patient in the CON group had a transient peroneal nerve palsy on the operated side for six months. The non-surgical complications were an idiopathic transient exanthema of the neck and an opticus neuropathy with scotoma. All complications disappeared after a short time of at most six months. In the further course of the long-term follow-up no further complications were observed.
The average daily analgesic consumption during the hospitalisation time, based on painrelieving efficacy equivalent to 10 mg of morphine, was nearly identical (MIS 5.113±1.283 mg/d vs. CON 4.554±1.327 mg/d; P=0.189) and the daily-evaluated pain sensations did not differ significantly between the groups at any time (Figure 2) Table 2 .
The clinical follow-up results (Table 3) concern the 60 patients with a complete data set.
The results of all collected data were almost identical (data not shown). The preoperative HHS created the baseline for each group, which was 3.1 points higher in the MIS group (P=0.374). After six weeks this difference increased to 6.85 points and became significant (P=0.045). But calculating the mean difference between the baseline and the six weeks HHS (primary endpoint) we evaluated no significant differences between the MIS and CON group (P=0.478). After twelve weeks the HHS of both groups increased to a similar level (P=0.645) and did not become significant again after 3.5 years (P=0.457). There was also no significant difference between the baseline/twelve-week respectively baseline/3.5 year differences in the two groups (P=0.374 respectively 0.691). Statistical analysis of the WOMAC-Score also did not reveal any significant differences, either for the total score or for the diverse sub-scores (Table 3) .
Preoperatively, we evaluated a lower percentage of Trendelenburg sign (TS) in the MIS group (17.9% vs. 21.9%; P=0.756). After six weeks the MIS showed a decrease of TS positive patients (7.1%) whereas the CON group showed an increase (28.1%) and so the difference between the two groups became significant (P=0.048). At the 12-week followup also the proportion of TS positive patients in the CON group fell below the baseline (12.5%) and in the MIS group only one patient was left with a positive TS (3.6%). So the difference between the two groups was no longer significant (P=0.359). After 3.5 years none of the patients in the MIS group and only three patients (9.4%) in the CON group had a positive TS (P=0.241). All patients with a positive TS 12 weeks respectively 3.5 years after total hip replacement had had the TS before surgery.
Radiographs
The recommendations for inclination and anteversion of the acetabular cup differ in literature, but a range of 30° to 50° inclination and 5° to 30° anteversion is approved by most authors.
18-23 Radiological evaluation of the acetabular cup positioning showed two cups with an inclination only just out of the recommended range in the CON group. In the MIS group all patients were within the normal range. Statistical calculations revealed that this difference was not significant (P=0.494). The difference in the acetabular cups outside the recommended range for anteversion was also not significant (MIS 7 vs. CON 5; P=0.532). However, the inclination of the acetabular cup in the MIS group was significantly higher 
Discussion
Several studies have been performed to evaluate the possible benefits of different kinds of minimally invasive approaches for total hip replacement. A meta-analysis of 28 randomised and non-randomised controlled trials comparing the clinical and radiological outcomes of minimally invasive and conventional THA procedures by Smith et al. revealed that the MIS procedure did not result in a better outcome. 24 As most of these studies focused their interest only on some individual aspects, for example clinical outcome or radiological outcome, we performed an extensive comparison of the anterolateral minimally invasive approach by Bertin and a conventional lateral approach. Moreover, great importance was attached to continuous monitoring of both the early postoperative follow-up and the longterm follow-up. Despite this, and despite the fact that we compared two large and homogeneous groups of patients we detected only a few significant differences, most of which were related to intraoperative characteristics. Thus, the intraoperative blood loss, for instance, was significantly higher in the MIS group, but by using the Cell-Saver ® the blood loss was compensated and the postoperative haemoglobin index did not differ between the groups. Our results differ from those of Martin et al., who observed a lower blood loss in patients who underwent surgery by Bertin's MIS approach. 7 The contradictory results may be explained by the fact that we did not only evaluate the postoperative haemoglobin but also the real blood loss during the surgery. subordinate importance, especially as minimally invasive should not address the length of the skin incision, but minimise surgical trauma. 8, 10 For this purpose we measured CRP and CK-NAC as markers for muscle damage. But we found significant differences only for CRP at first and second day after surgery. Bergin et al. performed the same analysis for the minimally invasive direct anterior approach. 25 In comparison to the conventional posterior approach they observed significant differences only immediately after surgery for CK-NAC, but not on the first and second postoperative days.
As early functional recovery is of particular interest and attractive to both patients and surgeons, determination of the HHS was declared as the primary endpoint of the study. Evaluation of the differences between the preoperative HHS and the 6-week result revealed a slightly faster, but non-significant, increase in the HHS in the MIS group during the first six weeks after surgery, even if the difference at six weeks regarding the HHS was significant. However, the 12-week results were equal. Examination of the Trendelenburg sign showed significantly better results in the MIS group after six weeks. But already 12 weeks after surgery both groups were on the same level. This corresponds to the results of Inaba et al., who also evaluated a better, but non-significant, recovery during the first six weeks after surgery. 26 However, this only applied to the first six weeks, not to the longer follow-up. One explanation for this apparent advantage in the immediate postoperative phase may be delivered by the study of Muller et al. Using MRI imaging to compare a minimally invasive anterolateral with a direct lateral approach they observed no degeneration of muscles in the MIS group, but atrophy of the gluteus medius in a large number of patients who underwent hip replacement with the direct lateral approach. The loss of gluteus medius function was compensated by a hypertrophy of the m. tensor fasciae latae. However, after 12 weeks and also after 3.5 years the HHS was at a very high level in both groups. The WOMAC score, as a further indicator for functional outcome and the pain level, respectively analgesic intake, was equal for both groups at all times.
A further important factor for successful hip replacement is the correct positioning of the implants. It is often maintained that the reduced visibility during MIS approaches provokes poorer cup and stem positioning in comparison to conventional approaches, which in turn results in a reduced survival time of the arthroplasties. 27, 28 However, this was not substantiated by our study, as postoperative radiographs did not show any significant differences, and the rate of malpositioning was almost equal in the two groups. Other authors, Article Table 3 . The HHS showed a similar increase in both groups in the early follow-up. Af-ter six weeks the difference became significant. But calculating the mean difference between the baseline and the six weeks HHS (primary endpoint) we evaluated no sig-nificant differences between the MIS and CON group. The WOMAC score showed no significant differences at any point in the early follow-up period, neither for the total score nor for pain, stiffness or activity. 
Timing
Conclusions
In conclusion, both approaches are adequate for hip replacement. The experience and preferences of the individual surgeon seem to be more important factors when it comes to the choice of surgical technique. The only advantages of the MIS approach are the smaller skin incision and possible faster rehabilitation in the first six weeks after surgery. Regarding a minimization of the surgical trauma we observed significant differences only for CRP at first and second day after surgery
